Background and objectives: The aim of the study was to compare the block characteristics and clinical effects of dextrose added to levobupivacaine solutions at different concentrations to provide unilateral spinal anaesthesia in lower extremity surgery. Methods: This prospective, randomised, double-blind study comprised 75 ASA I---II risk patients for whom unilateral total knee arthroscopy was planned. The patients were assigned to three groups: in Group I, 60 mg dextrose was added to 7.5 mg of 0.5% levobupivacaine, in Group II, 80 mg and in Group III, 100 mg. Spinal anaesthesia was applied to the patient in the lateral decubitus position with the operated side below and the patient was kept in position for 10 min. Results: The time for the sensorial block to achieve T12 level was slower in Group I than in Groups II and III (p < 0.05, p < 0.00). The time to full recovery of the sensorial block was 136 min in Group I, 154 min in Group II and 170 min in Group III. The differences were statistically significant (p < 0.05). The mean duration of the motor block was 88 min in Group I, 105 min in Group II, and 139 min in Group III and the differences were statistically significant (p < 0.05). The time to urination in Group I was statistically significantly shorter than in the other groups (p < 0.00).
Introduction
In vitro studies have shown that differences in the specific densities of local anaesthetic solution can significantly affect the clinical presentation of spinal block. 1 Better control of the block level is provided with hyperbaric solutions compared to isobaric solutions and therefore, fewer side effects, such as hypotension and uncontrollable block height, are expected. 2 Other advantages of hyperbaric forms are that a unilateral block can be created and there is a lower rate of failed blocks. 2 Previous studies have compared the hyperbaric form of levobupivacaine with the isobaric form and other hyperbaric local anaesthetics. It has been reported in literature that a hyperbaric solution is obtained by adding dextrose at different concentrations to levobupivacaine. 3 ---6 However, to the best of our knowledge, there is no previous comparative study on the most appropriate dextrose content for unilateral spinal anaesthesia.
The hypothesis of this study was that with the lowest dextrose content to achieve unilateral block, more stable haemodynamics and shorter duration of sensory and motor block can be obtained. With the aim of testing this hypothesis, in this prospective, randomised, double-blind study, a comparison was made of the block characteristics of levobupivacaine mL forms containing 30, 40 and 50 mg dextrose for unilateral spinal anaesthesia in lower extremity surgery and their suitability for day procedure anaesthesia.
Methods
After Ethics Committee approval and Clinical Trials registration (NCT01938755), 75 ASA I---II risk patients, aged 18---65 years, for whom elective unilateral knee arthroscopy was planned were included in the study. The Consolidated Standards of Reporting Trials (CONSORT) recommendations for reporting randomised, controlled clinical trials were followed ( Fig. 1 ). 7 Informed consent was obtained from all the patients. Exclusion criteria were contraindication for spinal anaesthesia, severe systemic disease, allergy to local anaesthetic, peripheral neuropathy, body mass index (BMI) >35 kg m −2 , psychiatric disorders and chronic pain treatment.
Premedication was not applied and after transfer to the operating room, ECG, non-invasive blood pressure, peripheral O 2 saturation (SpO 2 ) monitoring was made and an infusion of 10 mL kg −1 lactated Ringer's solution was started.
The study was conducted in a double-blind method with the local anaesthetic solution to be used for spinal anaesthesia prepared by an anaesthetist other than the one who applied the spinal anaesthesia and monitored the patient. Using a computer generated sequence of numbers and a sealed envelope technique, patients were randomly divided into three groups. For all the patients, 7.5 mg (1.5 mL) 0.5% concentration of levobupivacaine was used as local anaesthetic. In addition, by adding in Group I (n = 25), 0.3 mL 20% dextrose (60 mg) and 0.2 mL distilled water, in Group II (n = 25), 0.4 mL 20% dextrose (80 mg) and 0.1 mL distilled water and in Group III (n = 25), 0.5 mL 20% dextrose (100 mg) a total amount of 2 mL was defined. The densities measured at 37 • C of the levobupivacaine with 30 mg mL −1 , 40 mg mL −1 and 50 mg mL −1 dextrose were 1.008, 1.014 and 1.019 g L −1 , respectively. Measurements were made with iQ200 (Iris Diagnostics, Chatsworth, CA). Spinal anaesthesia was applied with a midline approach from the 3rd and 4th intervertebral space with the patient in the lateral decubitus position with the side to be operated on below. A Quinke tipped 25 G spinal needle (Spinocan, B. Braun, Melsungen, Germany) was used with the tip facing downwards and, without barbotage, the anaesthetic solution was administered to all the patients at the rate of 0.1 mL s −1 . Patients were kept in position for 10 min and then moved into a supine position and 0.03 mg kg −1 iv midazolam was administered. When the sensory block achieved T12 level on the operation side, the operation was started.
The sensory and motor block of the patients was evaluated every 5 min starting from the time of application (0 min) by a researcher blind to the group distribution. The sensory block was evaluated with the pinprick test with a 22 G hypodermic needle touching the dermatomes on the midclavicular line bilaterally and the motor block was evaluated with the modified Bromage scale (0 = no motor block, 1 = only the knee and foot can be moved, 2 = only the foot can be moved, 3 = full motor block). At the end of the operation, the block levels were checked at 15-min intervals until the block was completely removed.
At the times of sensory and motor block evaluations, the haemodynamic data were recorded. According to the preoperative value, a drop of 30% in mean arterial pressure (MAP) was accepted as hypotension and rapid iv fluid infusion (200 mL lactated Ringer's solution) was administered and in cases where no response could be achieved, 5 mg iv ephedrine was planned. Heart beat rate falling below 50 bpm −1 was accepted as bradycardia, for which it was planned to administer 0.01 mg kg −1 iv atropine. The quality of the spinal block anaesthesia was evaluated according to the need for iv sedative or analgesia support. 8 Sufficient spinal block = no requirement for sedative or analgesia until the surgery was completed, insufficient spinal block = a requirement for additional analgesia (1 mcg kg −1 iv bolus fentanyl) or sedative (1 mg kg −1 iv bolus propofol) for completion of surgery, failed spinal block = general anaesthesia required to complete surgery. Additional to the spread of the block, a record was made of the time to full recovery of the sensory block (evaluated as no remaining feeling of numbness in the leg), time to duration of the motor block (time of Bromage = 0) and the time of the first urination. Postoperative analgesia consisted of 75 mg im diclofenac sodium (Diclomec, Abdi Ibrahim, Istanbul, Turkey) every 12 h on request on the operation day.
Power analysis
The calculation of the required sample size was based on mean and standard deviation of complete regression of spinal block after anaesthesia with hyperbaric levobupivacaine reported in previous investigations 8---11 : 25 patients per group were required to detect a 20 min difference in time for complete regression of spinal anaesthesia with an expected 
Results
A total of 73 patients were enrolled in the study (Fig. 1 ).
Patients who were required general anaesthesia (1 patient in Group I and 1 in Group III) as a result of technical failure were excluded from the study. Additional doses of fentanyl and propofol were administered to three patients in Group I and one patient in Group II during surgery. No statistically significant differences were observed among the three groups.
The groups were comparable with regard to age, sex, BMI, ASA status and duration of surgery ( Table 1 ). The onset time of T12 level of sensorial block was more rapid in Group II and Group III compared to Group I (p = 0.03 and p = 0.003 respectively). No significant difference was observed between Group II and Group III. Maximum sensorial block height was significantly different between Group I and Group III (p = 0.02). The time to reach maximum sensorial block level and two-segment regression times of sensorial block did not differ significantly among all groups ( Table 2) .
In Group III, at the minute 150, the operative side sensorial block level was significantly higher than in Group I (p = 0.043). No significant difference between groups was observed for the operative side sensorial block levels at the other time points (Fig. 2) . The nonoperative side sensorial block did not significantly differ among the three groups at the all time points (Fig. 3) . In Group I, the time to full recovery of sensorial block was significantly shorter than other groups and Group II significantly shorter than Group III ( Table 2 ).
The operative side degree of motor block was significantly less in the Group I compared with the Group III in the minutes 10, 30, 45, and 120. Grade 3 motor block was not observed on the nonoperative side of the cases in all groups. The duration of motor block was significantly different among the three groups ( Table 2 ). The first urination time was significantly shorter in Group I compared to other groups ( Table 2) .
Cardiovascular changes were minimal in groups. MAP levels of all measurement sequences were decreased significantly when compared to preoperative values which were obtained in three groups. In comparisons among the groups, there were statistical differences between the Groups II and III at the minute 5, between the Groups I and III at the minute 210 ( Fig. 4) . Initial HRs were decreased during the follow-up period (Fig. 5 ). There were no statistical differences among the three groups in incidence of hypotension or bradycardia. The adverse events during the study period are shown Table 3 Frequency of adverse events, side effects and used ephedrine, fentanyl or propofol in groups. Data are presented as frequencies (%).
Group I (n = 24)
Group II (n = 25) Group III (n = 24) p
in Table 3 . There were no significant differences among all groups for any of the adverse events.
Discussion
As a result of this study comparing levobupivacaine solutions with differing dextrose contents for unilateral spinal anaesthesia, shorter sensory and motor block durations and Figure 4 Mean arterial blood pressure changes in groups (mmHg). Data are presented as mean. *p = 0.02 Group II vs III. † p = 0.04 Group I vs III. time to first urination were determined with a 30 mg mL −1 dextrose content. Levobupivacaine hydrochloride is an S(−) enantiomer of racemic bupivacaine which is less toxic on the heart and central nervous system. 13, 14 Clinical studies have shown both agents to be effective at equal doses in spinal anaesthesia. 15---18 In a study which compared 5, 7.5, 10 and 12.5 mg doses of 0.5% bupivacaine for unilateral spinal anaesthesia in knee arthroscopy, the optimal dose was reported to be 7.5 mg. 19 Therefore, the same dose was used in the current study. The difference in density between cerebrospinal fluid (CSF) and local anaesthetic is an important factor in determining the distribution of the solution in the subarachnoid area. Local anaesthesia density reduces with increased temperature and increases with an increase in glucose concentration. 20---22 At 37 • C the mean density of CSF is 1.0003 g L −1 , ranging from 1.0000 to 1.0006 g L −1 (±2SD). 23 Solutions at a density below 0.9990 can be accepted as hypobaric and those above 1.0010 as hyperbaric. 23 On the commercial market, the only hyperbaric form available is bupivacaine containing 8% dextrose. It has been reported that solution containing dextrose at a higher concentration than 8% will have hyperbaric behaviour. 23 This unnecessarily high concentration of 8% has been reported to allow the usage of low dose and additional adjuvants. 9 However, in literature, local anaesthetics containing dextrose at 8% concentration are often used for unilateral spinal anaesthesia. 8, 10, 24 In the current study, the density of the solution containing 3% concentration dextrose in Group I was measured as 1.008 g L −1 at 37 • C. From the results of the study, it was determined that this difference from CSF in density was sufficient to form a unilateral block.
Local anaesthesia which is used to provide unilateral spinal block depends on dose, density and the duration of the lateral decubitus position. 9 It has been reported that the best result for unilateral block is achieved with 10---20 min waiting in the lateral decubitus position after using a low dose of local anaesthesia. 25 In the current study, a 10 min waiting period after the procedure was preferred. Following the 10 min waiting period, Grade 3 motor block was not seen in any patient on the nonoperative side. This can be considered to be due to the use of a low dose of local anaesthetic.
At the end of the current study, a sufficient level of unilateral spinal anaesthesia was achieved without leading to any serious side effects with levobupivacaine solutions containing dextrose at rates of 3%, 4% and 5% (30, 40 and 50 mg mL −1 , respectively). In Group I with the lowest dextrose content, the time to sensory block onset was longer compared to the other groups and the maximum block level was lower than that in Group III. In literature it has been reported that an increase in local anaesthesia solution density has the effect of accelerating onset 6, 9, 26, 27 and causes an increase in maximum block level. 4, 27 In the current study, the time to full recovery of both sensory and motor blocks was shorter in Group I. There have been various studies on the effect of an increase in local anaesthetic solution density on the duration of sensory and motor block. In a study by Janik et al. 28 comparing bupivacaine solutions containing glucose at 8% and 5%, higher glucose content was reported to significantly lengthen the duration of sensory block. Similarly, in the current study, the resolution of the motor block was delayed. Bannister et al. 29 compared 0.5% bupivacaine solutions containing different concentrations of glucose and determined a longer sensory block duration in the group with the solution containing 8% glucose.
In a study by Sanansilp et al., 30 isobaric and hyperbaric solutions of levobupivacaine were compared in spinal anaesthesia and no difference was determined in the regression times of the motor and sensory block. However, Sen et al. 6 compared intrathecal isobaric and hyperbaric levobupivacaine in urology surgery and the duration of the motor and sensory block was found to be longer in the hyperbaric group. It can be concluded that the current study differed from that of Sanansilp in not using the isobaric form and was also different from these studies in that unilateral spinal anaesthesia was provided. Similar results to those of the current study were reported by Janik and Bannister where local anaesthesia solutions containing different concentrations of dextrose were used. 28, 29 It has been reported that hyperbaric solutions can lead to an increase in the incidence of cardio respiratory side effects depending on the concentration of dextrose in the solution. 23, 31 Critchley et al. 32 compared the haemodynamic effects of bupivacaine solutions, plain and containing 8% and 4% dextrose and reported that in the group with the solution containing 8% dextrose, haemodynamic changes started significantly more quickly. There was a similar rapid onset of sensory block but the maximum sensory block level was determined to be similar in all the groups. The haemodynamic data of the current study were similar. In 1 patient in Group I and 2 patients in Group III, hypotension developed and ephedrine was administered. It is known that in unilateral spinal anaesthesia low dose local anaesthesia can be used and more stable haemodynamics are presented because of the selective blockage created on the operative side. 25, 33, 34 In day-case surgical procedures, the time of first urination and time to mobilisation are important in respect of hospital discharge. Postoperative mobilisation time can be affected by some surgical characteristics. The most frequently encountered factor restricting the meeting of discharge criteria has been reported to be the return to spontaneous urination. 8 Therefore, in the current study, the time to return of spontaneous urination was taken as a criteria rather than time of discharge. In Group I this time was 128 min, which was significantly shorter than the times of both Group II and Group III. In a study by Cappelleri et al., 8 in which hyperbaric forms of levobupivacaine and ropivacaine were compared in unilateral spinal anaesthesia for knee arthroscopy, this period was reported as 238 min in the group with 7.5 mg levobupivacaine including 8.2% glucose. The time to discharge of this group was defined as the time of first urination.
In a study by Luck et al. 11 comparing hyperbaric forms of bupivacaine, levobupivacaine and ropivacaine containing 30 mg dextrose in spinal anaesthesia, the time of first urination of the levobupivacaine group was determined as 347 min. This result can be thought to be due to the high dosage of levobupivacaine (15 mg) and the bilateral nature of the spinal block. In patients to whom unilateral spinal anaesthesia is applied, a more rapid return to bladder function has been reported due to unilateral blocking of the sacral parasympathetic efferent ligaments which innervate the detrusor muscle. 35 In a study by Mulroy et al., it was reported that neuroaxial blocks applied with shortterm effect drugs for day-case surgical procedures carry a low risk of urinary retention. 36 However, it was also stated that more extensive studies are required to confirm this result.
The main limitation of the current study is that no comparison was made of the times to mobilisation and actual discharge. The reason for this is that mobilisation and discharge of the patients may be affected by patient or surgery-related factors that are independent of the anaesthesia.
In this study, which compared levobupivacaine solutions containing 3%, 4% or 5% dextrose for unilateral spinal anaesthesia, while successful unilateral spinal block was provided in all three groups together with a low side-effect profile, extended duration of both sensory and motor block was determined with an increase in density. For unilateral spinal anaesthesia in day-case arthroscopic knee surgery, the addition of 30 mg mL −1 dextrose to 7.5 mg levobupivacaine can be considered sufficient.
